MECHANISMS AND CONSEQUENCES OF INJURY
Mechanisms of peripheral nerve injury have been extensively reviewed elsewhere. 19 -22 Acute, blunt trauma and traction injuries may produce focal segmental demyelination with resultant conduction block, focal axonal disruption, or both. Traction, when severe, may produce complete, focal nerve transection. This is particularly likely to occur at the level of the brachial plexus where extremes of traction may be accompanied by cervical root avulsion. Acute lacerating injuries may produce partial or complete nerve transection. Chronic injury is usually the result of longstanding compression, repeated traction at entrapment sites, or traumatically altered regional anatomy. The result is focal axonal disruption and/or focal segmental demyelination. Axonal disruption that accompanies any acute or chronic mechanism is followed by Wallerian degeneration of the distal, separated axon.
Total loss of motor and sensory function may be consistent with complete nerve transection or avulsion (Seddon's neuronotmesis), complete, focal axonal disruption in an intact nerve (Seddon's axonotmesis) or focal demyelination (Seddon's neurapraxia). Chronic injury, usually related to compression or traction, most commonly includes components of both focal demyelination and axon disruption in an intact nerve.
Recovery of all or some function closely following an acute injury strongly suggests focal demyelination as the major traumatic mechanism. Recovery from a severe disruptive axonal lesion may be incomplete and may occur over months to up to 1-2 years. When motor and sensory loss is complete in the acute setting, it is not possible to clinically exclude transection or avulsion during the waiting period before the reappearance of evidence of nerve function. Here, electrodiagnostic studies [electromyography (EMG), nerve conduction studies (NCS), somatosensory evoked potentials] and neuroimaging [magnetic resonance imaging (MRI), myelography] may be of assistance.
ELECTRODIAGNOSTIC STUDIES
Electromyography and nerve conduction techniques and the findings evident in the setting of acute and chronic nerve injury have been extensively reviewed elsewhere. For a more complete discussion the reader should turn to other sources. 20, 21 Following an acute, traumatic nerve injury, nerve conduction studies may allow for localization and provide an understanding of the underlying pathologic mechanism(s). Findings depend upon the timing of the study, whether the injury has produced focal axon interruption or segmental demyelination, and whether the injury is in a location approachable by conventional nerve conduction techniques. Lesions producing focal demyelination without axon loss are characterized by partial or complete conduction block across accessible lesion sites with preservation of conduction in distal segments. The Wallerian degeneration of the distal, separated axon segment that follows focal axon disruption requires a period of time that is dependent upon the length of the distal segment. This process is usually completed by 7-10 days after the injury. Before this, the distal axon segment is capable of normal conduction and both sensory and motor conduction studies performed on the distal segment may be normal. Because complete segmental demyelination, axonal interruption, and nerve transection all produce focal motor and sensory conduction failure across accessible lesion sites, it is not possible to differentiate these three potential processes by nerve conduction study before the development of distal Wallerian degeneration. It is the failure of conduction in the degenerating distal segment that indicates that the injury has produced axonal compromise. Unfortunately, it remains impossible to differentiate complete focal axon interruption with preserved nerve continuity from a complete transection or avulsion since both produce focal conduction failure at the site of the lesion and both are accompanied by degeneration of the distal segments.
Immediately following an acute, traumatic nerve injury, needle EMG will demonstrate either complete or partial loss of motor unit recruitment in innervated muscles below the site of the lesion. Voluntary recruitment of even a single motor unit indicates that the nerve remains in continuity and excludes the mechanism of complete nerve transection or avulsion. Complete absence of voluntary recruitment is compatible with all three injury mechanisms. Axonal interruption is followed by the development of abnormal spontaneous activity (fibrillations and positive sharp waves) in the widowed muscles below the lesion site. This process requires a period of time that is dependent upon the length of the distal, separated segment, but is usually complete by 3-4 weeks after injury. Following injury, collateral sprouting of intact axons and distal regrowth of lesioned axons accomplish reinnervation of widowed muscle fibers. The motor unit morphology changes indicative of reinnervation, including increased duration, increased amplitude and increased complexity (polyphasia), require months to a year or more to develop.
As noted, the discrimination between nerve transection or avulsion and complete axon interruption within an intact nerve cannot be made electrodiagnostically. The only available mechanism of repair in both is distal regrowth, which proceeds slowly (1-3 mm/d). With proximal injuries this process may never be completed. The return of conduction across the lesion site and the return of voluntary recruitment of motor units in muscles below the site of the lesion both signal the process of reinnervation.
Chronic nerve injury is nearly always characterized by the coexistence of focal axon interruption (partial or complete) and focal demyelination. Nerve conduction and EMG findings reflect the relative amounts of each mechanism. Because many chronic nerve injuries occur at recognized sites of entrapment, nerve conduction findings are demonstrable across and below the lesion site while those of needle EMG are reflected in muscles innervated below the site of entrapment.
THE REGION OF THE NECK, SHOULDER
The brachial plexus, derived from cervical roots C5 to T1, lies in the lateral aspect of the neck. After branching into upper, middle and lower trunks with anterior and posterior divisions, the lateral, posterior and medial cords are formed within the axilla. These cords give rise to all of the major nerves of the upper extremity (musculocutaneous, median, axillary, radial, and ulnar). Extensive review of nerve pathways and anatomic relationships is available elsewhere. 17 The suprascapular and long thoracic nerves are important proximal branches. The suprascapular nerve is a mixed motor and sensory nerve arising from the superior trunk of the brachial plexus and composed of fibers from the C5 and C6 nerve roots. Importantly, the suprascapular nerve travels through 2 anatomic tunnels: the suprascapular notch, which is bounded superiorly by the transverse scapular ligament and the spinoglenoid notch, which is covered by a spinoglenoid ligament in approximately 50% of people. The long thoracic nerve is a pure motor nerve that is derived directly from the It is the failure of conduction in the degenerating distal segment that indicates that the injury has produced axonal compromise.
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THE STINGER
The "burner" or "stinger" is the most common sportsrelated peripheral nerve injury 23, 24 and is caused either by injury to the C5 or C6 nerve root or to the superior trunk of the brachial plexus. Clinical distinction between these two entities is difficult because of the overlap of the C5 and C6 myotomes and dermatomes with the muscular and cutaneous territory of the superior trunk of the brachial plexus. When series of football players with stingers have undergone electrodiagnostic testing, both nerve root and plexus localizations have been supported. [25] [26] [27] [28] Stingers are most commonly seen in participants of contact sports, particularly football players. The incidence of the stinger in college football players has been reported to vary between 8% and 65%. 27,29 -31 Multiple mechanisms of injury have been proposed, including compression and traction of the C5 and C6 nerve roots and traction and contusion of the brachial plexus. 23, 32, 33 Likewise, multiple proximate causes of injury are possible though the most commonly proposed is downward displacement of the shoulder from the neck during a tackle accomplished in the shoulder-down position. 23 Anatomic considerations indicate that the nerve roots should be more at risk for stretch and traction injury than the brachial plexus secondary to increased local tissue that can absorb impact and buffer against damage at the brachial plexus. 23, 33 There is controversy about whether the presence of cervical canal stenosis and neural foraminal stenosis predisposes athletes to stingers. Kelly et al found that college football players who had sustained a stinger had foraminal heights that were reduced compared with controls. 34 Similarly, Meyer et al found that the Torg ratio, which is a measure of spinal canal stenosis determined by cervical x-ray parameters, was reduced in players with stingers secondary to extension-compression injuries but not in players with brachial plexus stretch injuries. 30 In another population of college football players, the Torg ratio did not predict initial incidence of stingers but did predict stinger recurrence. 31 Accordingly, the cause of stingers in high school and college athletes tends to be stretch to the brachial plexus while college and professional athletes with recurrent symptoms frequently have disk disease leading to nerve root compression. 32, 35 Acute cervical disk herniation is not a common cause of the stinger. 23 The stinger is named for the symptoms that it produces and the athlete frequently experiences immediate pain, paresthesias, and numbness in the distribution of the injury, which lasts seconds to minutes. If weakness occurs, it may be more persistent. Neck pain is an uncommon finding. 23 When sensory symptoms predominate, the injury is often because of neural foraminal narrowing with subsequent compression of the dorsal root ganglion within the foramen. 35 The immediate examination of the athlete with acute symptoms must include inspection and palpation of the cervical spine, neck and shoulder for evidence of fracture or point tenderness. Any neurologic deficit requires abstention from play. 33 Recommended radiologic studies include cervical x-rays with flexion-extension views and cervical MRI to assess for loss of normal cervical lordosis, degenerative disc disease, abnormal signal within the cord, and soft tissue abnormalities. Findings on these exams may provide information about likelihood of recurrence and safety of return to play. 30, 31, 34 When symptoms persist beyond 10 days, electrodiagnostic studies may be indicated to determine the exact location of the injury and for prognosis. Muscle weakness at 72 hours is predictive of abnormalities on electrodiagnostic tests. 36 Several EMG/NCS findings can be used to help localize the injury. Abnormal spontaneous activity in the paraspinal muscles localizes the lesion to the nerve root, though its absence does not exclude a root injury. In the setting of sensory symptoms, normal sensory amplitudes imply damage proximal to the dorsal root ganglion (a root lesion) while decreased sensory amplitudes suggest a postganglionic lesion (a plexus lesion).
Decisions about return to play should be based on clinical findings and any athlete with persistent pain, restriction of range of motion or neurologic deficits should undergo rehabilitation before resumption of sport. Physical therapy should be aimed at weakened muscles as well as the muscles that help stabilize the brachial plexus and the nerve roots, including the trapezius, scalenes, sternocleidomastoids, levators scapulae, and rhomboids. 23 Restoration of the normal cervical lordosis is also necessary to provide local stability. 23, 33 Normalization of electrodiagnostic parameters is not a requirement for return to play. 35, 36 Regardless of persistence of symptoms, all athletes who have experienced stingers should be educated as to proper tackling techniques and should have shoulder pads and equipment individually designed and fitted.
SUPRASCAPULAR NEUROPATHY
The two tunnels, the suprascapular and the spinoglenoid notch, are the most common sites of suprascapular nerve injury. Activities that require overhead activity, such as volleyball, baseball, weight lifting, wrestling, dancing and assembly line work, are most commonly associated with suprascapular nerve injury. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] The incidence of suprascapular neuropathy in one series of volleyball players was 33%, with many lesions being asymptomatic. 40 Other causes of suprascapular neuropathy include trauma, inflammation, ganglion cysts, compressive lesions, proximal humeral fractures and iatrogenesis. 37, [53] [54] [55] [56] [57] Patients with injury at the level of the suprascapular notch usually present with posterolateral shoulder pain and weakness of abduction and external rotation of the shoulder; muscle atrophy may be present. The proposed mechanism of injury at the suprascapular notch is abnormal contact between the suprascapular nerve and the transverse scapular ligament during shoulder abduction or adduction across the chest. Isolated painless weakness of the infraspinatus muscle is caused by suprascapular nerve entrapment at the spinoglenoid notch; this is the pattern most commonly seen in volleyball players. 39, [41] [42] [43] [44] 46, 47 Anatomic studies have identified cutaneous branches of the suprascapular nerve and suprascapular neuropathy with sensory findings in the upper arm has been reported. 53, 58 The crossed adduction test is a provocative test for suprascapular neuropathy that is positive when pain is produced by passive adduction of the extended arm across the chest. Diagnostic work-up includes electrophysiologic tests to localize the lesion and imaging of the shoulder and cervical spine with plain films or MRI. MRI is useful for identifying ganglion cysts and other compressive lesions as well as muscle atrophy. 59 -62 In addition, diagnostic nerve block of the suprascapular nerve has been advocated to verify the diagnosis. 63 Conservative treatment is rest followed by physical therapy; surgery is warranted when pain relief and recovery of strength are not achieved by 6 months to a year or if a structural lesion is identified. Full recovery of strength and muscle bulk may not be achieved if surgery is delayed. 37, 48, 64 In one series, overuse and traction injuries responded equally to operative and nonoperative therapy while ganglion cysts and compressive neuropathies were best treated surgically. In addition, more severe pretreatment electrophysiologic findings were predictive of better treatment outcome. 54
LONG THORACIC NEUROPATHY
Injury to the long thoracic nerve has been reported in many sports, but most commonly in tennis. 65, 66 The nerve is vulnerable to both acute trauma and repetitive use injury when the arm is raised and the head turned in the contralateral direction, the position of a tennis serve. There are multiple possible mechanisms of injury including compression of the C5 and C6 roots as they travel through the scalene muscles, 67 dynamic "bow-stringing" of the nerve across a fascial band originating at the inferior brachial plexus 68 and traction injury. 65, 69, 70 Long thoracic nerve palsy can also be a consequence of brachial neuritis, which can be idiopathic, associated with viral infection, or postsurgical. Scapular winging, most pronounced with the arms outstretched and pushing off a wall, is the classic finding in paralysis of the serratus anterior. Sometimes there is little limitation of movement, 66 but arm abduction beyond 110°may be impossible. 65 When palsy is acute, patients present with pain about the shoulder but when injury is chronic, weakness and scapular winging is most often painless. 66 Diagnostic evaluation of patients with suspected long thoracic nerve palsy should include plain radiographs of the cervical spine, chest and shoulder to rule out a compressive lesion such as osteochondroma. 71 Electrodiagnostic studies are important to confirm that scapular winging is from serratus anterior paresis as a similar phenotype can be a result of trapezius weakness. 66, 72 Treatment includes rest, bracing and a physical therapy program designed to maintain range of motion and strengthen related muscles of the shoulder girdle. Braces are constructed to maintain the scapula against the thorax to prevent further winging and have shown variable compliance and success. 73, 74 Surgery for long thoracic nerve palsy not because of penetrating trauma is only recommended after 1 or 2 years of The Neurologist • Volume 10, Number 2, March 2004 Occupational and Sport Neuropathy observation as the natural history favors recovery of function, 65, 71 though some residual disability or asymptomatic winging is common. 74, 75 The current surgical procedure of choice is transfer of the sternal head of the pectoralis major to the inferior angle of the scapula. 71
AXILLARY NEUROPATHY
Axillary nerve injury in the athlete can be caused by direct trauma with or without humeral fracture, anterior or posterior shoulder dislocation and the quadrilateral space syndrome. 76 In one series of eleven athletes with traumatic axillary nerve palsy, seven injuries were caused by blunt trauma to the deltoid muscle and four were because of ipsilateral shoulder depression with contralateral neck flexion (the usual mechanism of the stinger). 77 By electrodiagnostic criteria, axillary nerve injury may be present as often as 58% of the time in proximal humeral fracture 57 and 42% of the time in anterior shoulder dislocation. 78 The quadrilateral space syndrome is caused by compression of the axillary nerve and the associated posterior humeral circumflex artery within the quadrilateral space. The quadrilateral space lies in the posterior wall of the axilla and is bounded medially by the long head of the triceps, laterally by the surgical neck of the humerus, superiorly by the teres minor and subscapularis and inferiorly by the teres major. This syndrome may be a result of muscle hypertrophy effectively shrinking the space or compression by local fibrous bands accumulated in the setting of repetitive use. 79 Iatrogenic injury during shoulder surgery is another important cause of axillary nerve injury. Nerve injury may occur in 1% to 8% of patients undergoing shoulder surgery, depending on the procedure. 56 In one series, persistent sensory deficits in the axillary nerve distribution were present in approximately 3% of patients 8 months after arthroscopic shoulder surgery. 80 Clinically, axillary nerve injury presents with inability to elevate and abduct the shoulder because of deltoid weakness. In the quadrilateral space syndrome, there is often local tenderness. 81 Diagnosis is clinical and electrodiagnostic. When the arm is passively placed in a position of near maximal extension and the patient is asked to maintain the position, the magnitude of angular drop correlates with the extent of axillary nerve injury; this is called the deltoid extension lag sign. 82 MRI may show atrophy of the teres minor muscle. 83 Dynamic maneuvers with angiography or MR angiography can show compression of the circumflex artery when the arm is abducted and externally rotated, 84 but invasive angiography is not necessary for diagnosis. 81 Mechanism of injury effects prognosis; axillary nerve palsy secondary to shoulder dislocation tends to recover more completely than that because of blunt trauma. 76, 85 Often, accessory muscles in the shoulder compensate and functional recovery exceeds axillary nerve recovery when assessed electrodiagnostically and by deltoid strength. 86 Rest is usually an effective therapy and in one series of 76 patients, only 12 required surgery. 87 When needed, surgery is most successful if undertaken within 3 months of injury. 88 
THE REGION OF THE UPPER ARM
The median, ulnar and radial nerves travel with the brachial artery in the upper arm. The median nerve crosses the vessel anteriorly to move from a proximal lateral position to a medial position at the bend of the elbow. In the middle of the upper arm, the ulnar nerve angles posteriorly to take up its position at the medial aspect of the elbow. The radial nerve travels posteriorly until it winds around the medial side of the humerus to innervate and then travel between the medial and long heads of the triceps. The musculocutaneous nerve, after piercing the coracobrachialis, lies between and innervates the biceps and brachialis in this region. 17
MUSCULOCUTANEOUS NEUROPATHY
Musculocutaneous nerve injury can occur proximally where it painlessly affects biceps strength and sensation in the forearm or more distally, near the elbow crease, where it is a purely sensory syndrome accompanied by pain. 89 When atraumatic, the mixed syndrome usually produces symptoms distal to the coracobrachialis 90 and may be caused by compression of the nerve as it passes through the muscle. 91 Heavy physical activity with resistive exercise of the upper extremity is the usual inciting factor 91,92 though injury secondary to anterior shoulder dislocation has been reported. 93 Rest is the treatment of choice with complete recovery the usual result. 91, 92 Compression of the lateral antebrachial cutaneous nerve occurs near the biceps aponeurosis and is caused by strenuous activity with the elbow in extension or the forearm in pronation. 94, 95 It has been reported, for instance, in racket sports, swimming 96 and windsurfing. 97 Symptoms include numbness and dysesthesias in the radio-volar forearm as well as pain in the anterolateral elbow that can resemble lateral epicondylitis. 98 Initial treatment is conservative and can include local corticosteroid injection. 98 but decompressive surgery is often necessary 94 -96,99,100 
RADIAL NEUROPATHY
Proximal radial nerve palsy can be compressive or traumatic. Causes reported in the athlete include fracture of the humeral shaft and strenuous muscle activity such as weightlifting. [101] [102] [103] These patients present with wrist drop, inability to extend the fingers and thumb and variable sensory loss which usually includes the first dorsal web space. If the lesion is proximal enough, triceps function and posterior arm sensation may be affected. Supination of the forearm is relatively preserved because the biceps functions as a supinator. Athletes who present with high radial nerve palsy should have x-rays to exclude fracture. Treatment is usually conservative and includes a wrist splint that holds the wrist in
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The Neurologist • Volume 10, Number 2, March 2004 extension. Surgical exploration is reserved for cases that have not shown functional improvement by 4 months. 104 -106 This remains the recommendation when radial nerve palsy is caused by closed humeral shaft fracture as most lesions will recover spontaneously. 107 However, certain findings on ultrasound may prove useful in determining which patients will require surgery following humeral shaft fracture. 108
PROXIMAL MEDIAN AND ULNAR NEUROPATHIES
The median and ulnar nerves are vulnerable to injury in the medial aspect of the upper arm. Blunt trauma and external compression are the most common mechanisms. Like radial neuropathy, both median and ulnar neuropathies may accompany humeral shaft fracture. 109 The median nerve may also be compressed in the distal aspect of the upper arm where it passes beneath the anomalous ligament of Struthers. 110 Proximal median and ulnar neuropathies produce symptoms in the forearm and hand. The proximal site of injury may be difficult to distinguish from more distal lesions.
THE REGION OF THE ELBOW AND FOREARM
The median nerve enters the forearm between the biceps and brachioradialis and travels deep within the forearm before becoming more superficial at the wrist. After passing below the medial epicondyle of the humerus, the ulnar nerve travels along the ulna in the medial forearm to the wrist. The dorsal ulnar cutaneous nerve arises proximal to the wrist and travels dorsally over the distal aspect of the ulna. In the forearm, the radial nerve divides into a superficial sensory branch and a deep motor branch (posterior interosseous nerve). Of note, the latter branch passes through the supinator near its origin. The lateral antebrachial cutaneous nerve is the forearm extension of the musculocutaneous nerve. 17
MEDIAN NEUROPATHY IN THE FOREARM
The elbow is the most common site of injury of the median nerve in athletes; 98 compression in the forearm can cause two distinct clinical syndromes: the pronator syndrome and the anterior interosseous syndrome. Electrodiagnostic tests are helpful in localizing both lesions and both diagnoses require radiologic studies to rule out compressive masses. The pronator syndrome is caused by repetitive pronationsupination and can be seen in athletes who participate in racket sports. 98 Patients with pronator syndrome complain of pain of the volar aspect of the forearm that worsens with activity. Numbness and paresthesias may be present in the median-innervated portion of the hand. Weakness is uncommon in athletes with pronator syndrome, although some may have weakness of the thenar muscles. 106 Local tenderness and a Tinel's sign over the site of compression are common. Initial treatment is conservative but surgical exploration is an option if symptoms persist.
ANTERIOR INTEROSSEOUS NEUROPATHY
Although the anterior interosseous nerve is vulnerable to injury with midshaft fracture of the radius or ulna, neuropathy is most often caused by compression in athletes with well-developed musculature in the arm. 98, 111 Patients present with pain similar in location to that of pronator syndrome; however, because the anterior interosseous nerve is a pure motor nerve, there is no sensory disturbance. A late clinical finding is the inability to make the "OK" sign because of weakness of the flexor pollicis longus and flexor digitorum profundus to the index finger. Pronator quadratus function is difficult to isolate clinically but is best tested by resisted pronation with the arm maximally flexed. Diagnostic electrophysiology is important because the anterior interosseous syndrome is often confused with forearm tendon rupture. 112 Treatment is initially conservative but surgery is indicated for complete lesions of the nerve if recovery has not occurred by 6 months. 113
POSTERIOR INTEROSSEOUS NEUROPATHY
Compression of the posterior interosseous nerve can produce two distinct clinical syndromes called the radial tunnel syndrome (RTS) and the posterior interosseous nerve syndrome (PINS). PINS is often caused by a local compressive lesion but can also be because of repetitive pronation-supination 104, 114, 115 and fracture of the proximal radius. 104, 105, 115 In one series, the syndrome showed a 2:1 male to female predominance and was twice as common in the dominant arm. 115 PINS is usually manifested by painless weakness of the muscles innervated by the posterior interosseous nerve without associated sensory loss. Occasionally, poorly localized pain and dysesthesia may be present. 114, 115 When weakness is pronounced, unopposed action of the radial-innervated extensor carpi radialis longus causes the hand to deviate radially at the wrist and the fingers are flexed at the metacarpophalangeal joint. There is, however, no wrist drop. Electrophysiologic studies are important to exclude partial radial nerve palsy. Radiologic studies are mandatory to rule out a compressive lesion. If there is no compressive lesion or fracture, a conservative therapeutic approach with a long arm splint for immobilization may be pursued. 105 Surgical exploration should be undertaken if deficits persist beyond 6 -12 weeks. 104, 105, 115 RTS is most commonly seen in the dominant arm of patients who perform repetitive pronation-supination, either on the job 116, 117 or in racket sports. 98, 118 RTS presents with insidious onset of poorly localized aching pain of the elbow and forearm. In contrast to PINS, weakness is not a feature. There may be decreased sensation in the first dorsal web space. 105 RTS may be both confused with and coexistent with lateral epicondylitis (tennis elbow). Physical examination often shows tenderness at the lateral epicondyle and along the course of the posterior interosseous nerve. Provocative tests for RTS include resisted forearm supination and the middle finger test during which the patient extends the elbow and holds the middle finger in extension against a force applied to the dorsal aspect of the proximal phalanx. Neither of these tests is specific as both can be positive in lateral epicondylitis. 104, 105 Selective injection into the lateral epicondyle or radial tunnel can help differentiate between the two disorders. 118 A 3 month trial of rest, NSAIDs and splinting is usually appropriate. Some have had success with steroid injection, 119 but others do not recommend it. 104 Surgery is recommended if conservative therapy is ineffective in treating symptoms. Work-related injuries account for a large proportion of patients who undergo surgery; some series have shown worse outcomes in workers' compensation patients 120 while others have not. 117, 121 
ULNAR NEUROPATHY AT THE ELBOW
Ulnar neuropathy is the second most common compressive neuropathy in the upper extremity and occurs most commonly at the elbow as the ulnar nerve travels through the cubital tunnel. Relative compression of the ulnar nerve occurs during normal elbow flexion because of bulging of local soft tissue structures and traction of the nerve within the cubital tunnel; this effect is maximal behind the medial epicondyle. 122, 123 Ulnar neuropathy may be caused by repetitive stress on the ulnar nerve leading to inflammation, adhesion formation and compression within the cubital tunnel. [123] [124] [125] Cubital tunnel syndrome is more common in men than women; risk in men increases with increasing age and risk in women increases with decreasing body mass index. 126 Occupational risk factors include the maintenance of positions that cause prolonged pressure on flexed elbows such as keyboard operation and automobile driving. 127, 128 Overhead throwing sports, cross country skiing, weight lifting, and racket sports have all been associated with ulnar neuropathy. [123] [124] [125] However, in one series of 235 cases of ulnar neuropathy at the elbow, one-third of cases lacked any identifiable risk factor. 129 Of note, ulnar nerve problems in the athlete's elbow are often accompanied by other local problems such as attenuation of the ulnar collateral ligament and medial epicondylitis; this must be taken into account when prescribing therapy and determining return to play.
The most common presentation of ulnar neuropathy is with sensory complaints in the ulnar-innervated portion of the hand. 129 Athletes, however, tend to present with pain in the region of the medial epicondyle before developing the classic sensory symptoms in the hand. These symptoms can be a result of concomitant overuse injury of the elbow flexors and ulnar collateral ligament. 123 Plain radiographs of the elbow are an important part of the diagnostic work-up of ulnar neuropathy in athletes who may have concurrent hypertrophic bony abnormalities. 123 Ultrasound can be useful as it can identify swelling of the ulnar nerve within the cubital tunnel as well as the presence of structures such as ganglia and anomalous musculature. 130, 131 MRI findings of increased signal within the ulnar nerve and increased size of the nerve correlate well with clinical, electrodiagnostic and surgical findings. 132 Conservative options for the treatment of ulnar neuropathy include rest, splinting and NSAIDs. There is no role for local steroid injection. Surgery is recommended for patients who present with mild or moderate neuropathy and have failed conservative therapy, or have intractable pain, fixed sensory deficits or weakness. For patients with severe neuropathy, surgery should be offered immediately. 133 In athletes, return to play should only occur when preoperative strength and mobility are achieved.
SUPERFICIAL RADIAL NEUROPATHY
Compression of the superficial radial nerve in the forearm can also be caused by repetitive pronation-supination maneuvers. 105 This presents as neuropathic pain and paresthesias over the forearm, wrist, thumb, and dorsal aspect of the hand, which is maximal with the wrist flexed and in ulnar deviation. There may also be loss of sensation in the first dorsal web space. 105 Reduced amplitude of the sensory nerve action potential over the dorsum of the hand may be seen. Local anesthetic injection can be used to confirm the diagnosis. 105 Initial treatment is rest and splinting, but if symptoms persist, surgical exploration is indicated. 104, 105 
THE REGION OF THE WRIST AND HAND
The median nerve enters the hand above the bones of the wrist by passing beneath the transverse carpal ligament. The ulnar nerve enters the hand above the transverse carpal ligament through Guyon's canal. The dorsal ulnar cutaneous nerve arises proximal to the wrist and enters the hand separately.
Compression of the median nerve at the wrist, or carpal tunnel syndrome (CTS), is the most common compressive neuropathy.
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DISTAL MEDIAN NEUROPATHY (CARPAL TUNNEL SYNDROME)
Compression of the median nerve at the wrist, or carpal tunnel syndrome (CTS), is the most common compressive neuropathy. The incidence of CTS in the general population has been estimated at 3.46 per 1,000 person-years. 134 Estimates of the prevalence of CTS range from 2.7-3.72% of the general population. 135, 136 The annual incidence of carpal tunnel surgery is 400,000 -500,000 with an estimated cost of greater than $2 billion per year. 137 Sports that have a high association with CTS include cycling, racket sports, overhead throwing sports, gymnastics, and sports requiring prolonged gripping. 98 Occupational factors that may increase the risk for the development of CTS include forceful repetitive work, exposure to vibration, extreme wrist postures and dissatisfaction with and lack of influence at work. 138 -143 It is commonly held that keyboard use is a risk factor for CTS; however, multiple studies have found otherwise. 143, 144 Nonoccupational risk factors include age, female gender, obesity, increased body mass index, and history of smoking. 138, 140, 142, 143, 145, 146 Carpal tunnel canal area is not a common risk factor for development of CTS. 147 An electrophysiologic longitudinal study suggested that individual risk factors, most notably body mass index, are more important than occupational risk factors in predicting future slowing of sensory nerve conduction. 138 On the contrary, in one series, the risk of surgical CTS attributable to work was 55% for women and 76% for men. 148 Patients with CTS present with a variety of complaints including pain, numbness and paresthesias in the median nerve distribution and beyond. In a study of 100 consecutive electrophysiologically confirmed cases of CTS, the most common pattern of symptom complaint was in the median and ulnar digits, followed by the median digits only and a glove distribution; 36.5% of cases reported pain proximal to the wrist. 149 Nocturnal discomfort and symptom distribution to the radial aspect of the hand are the elements of the history most correlated with positive electrodiagnostic studies. 150 MRI and ultrasound have been used to evaluate the carpal tunnel [151] [152] [153] but their clinical utility and cost effectiveness is unclear. While some authors have cautioned against the reliance on electrophysiology for diagnosis of CTS, 154 -157 it remains the gold standard.
Therapeutic options for the treatment of CTS include splinting, local steroid injection, oral steroids, and surgery. Splints are effective in improving symptoms and electrophysiology 158, 159 with full-time wear more effective than nighttime only wear. 158 Local steroid injection is more effective than oral steroid therapy in reducing global symptom scores (GSS), 160 however; for patients who prefer noninvasive therapy, oral steroids are a viable option and are more effective in decreasing GSS than placebo, 161 NSAIDs or diuretics. 162 Steroid injections have shown some effect in the short term, but long-term efficacy and efficacy of repeated injections remains unclear. [163] [164] [165] [166] [167] Open carpal tunnel release remains the preferred surgical approach because of the low risk of complications and because there is still no consensus as to whether endoscopic release leads to earlier return to work or activities. 168 Factors predictive of a negative surgical outcome include lack of response to conservative therapy (splinting, local steroid injections), 169 weakness or atrophy of the abductor pollicis brevis, 169 longer duration of symptoms before surgery, 170 the perception of poor health, 171 poor mental health, 172 alcohol use, 172 and the subjective sensation of swelling. 173 Preoperative neurophysiology is predictive of surgical outcome. In workers, normal or near normal nerve conduction studies are predictive of poor outcome 174, 175 and patients with moderate preoperative abnormalities have a better surgical prognosis. 150 Multiple studies have shown that the involvement of a lawyer and/or a workers' compensation claim is correlated with a worse outcome and/or a later return to work, 172,176 -180 but other studies have not shown this to be the case. 181, 182 Finally, untreated CTS can spontaneously improve; factors associated with spontaneous improvement are shorter duration of symptoms, younger age and more severe initial impairment. 183
DISTAL ULNAR NEUROPATHY
Ulnar neuropathy can occur at the wrist just proximal to, within, or distal to Guyon's canal. 184 The first of these lesions spares the dorsal ulnar cutaneous branch, the second spares all cutaneous branches, and the third spares all but the superficial sensory branch to the fifth digit and ulnar side of the fourth digit. 184 Cyclists, 185 wheelchair athletes, 186, 187 and athletes participating in racket and club sports are most commonly affected. 98, 111 Nerve conduction studies are effective in localizing the lesion at the wrist and plain x-rays are important to identify any local pathology or fracture. Treatment is largely conservative with rest, NSAIDs, and splinting; surgery is reserved for patients with progressive symptoms or known anatomic pathology such as fracture of the hook of the hamate. 74
THE REGION OF THE PELVIS, HIP AND THIGH
The T12-L4 roots form the lumbar plexus and the L5-S4 roots form the sacral plexus. 17 The lumbosacral plexus gives rise to all of the major nerves (femoral, sciatic and obturator) and cutaneous nerves of the leg and pelvic region as well as all of the nerves of the pelvic floor.
The sciatic nerve originates from the L4-S2 nerve roots and exits the bony pelvis through the sciatic notch. From its origin, the sciatic nerve is divided into tibial and common peroneal divisions, which preserve their identities but are usually contained within one connective tissue sheath. The tibial division arises from the L4-S3 roots; the peroneal division originates from L4-S2. 17 The Neurologist • Volume 10, Number 2, March 2004 Occupational and Sport Neuropathy
The femoral nerve, the largest branch of the lumbar plexus, originates from the L2-L4 lumbar roots. The femoral nerve has an important relationship to the inguinal ligament as it passes under it, lateral to the femoral artery. The lateral femoral cutaneous nerve arises from the L2 to L3 roots and also passes under the inguinal ligament. 17 Table 2 provides the innervation for the muscles of the leg.
THE PIRIFORMIS SYNDROME
The piriformis syndrome 188 is a relatively rare and sometimes disputed compression neuropathy of the proximal sciatic nerve. It is attributed to an anatomic variation in which the nerve passes wholly or partly through rather than under the piriformis muscle. The clinical consequence most commonly attributed to this is activity-related gluteal region pain with radiation into the thigh and possibly the calf. Internal rotation of the hip, which stretches the piriformis muscle, may exacerbate symptoms. It is most often considered when lumbar root compression, a much more common cause of sciatica, cannot be demonstrated by neuroimaging or when lumbar root decompressive surgery fails to relieve symptoms.
Diagnosis of this focal neuropathy by nerve conduction is difficult, 189 -191 because of difficulty with isolation of this proximal sciatic segment. Axonal disruption of the sciatic nerve may be accompanied by an asymmetric reduction of the amplitudes of the sural, 192 plantar and/or superficial peroneal sensory responses and the peroneal (with recording over the extensor digitorum brevis) and tibial (with recording over the abductor hallucis brevis) motor responses. There may be unilateral delay or absence of the H-reflex (gastrocnemius/ soleus). Electromyography may demonstrate evidence of denervation in muscles below the piriformis while the gluteus maximus, gluteus medius, tensor fasciae lata, and lumbar paraspinal muscles, all innervated above the piriformis muscle, are spared. MRI may show aberrant anatomy. Surgical section of the piriformis muscle has been reported to provide relief in some circumstances. 193 
PROXIMAL SCIATIC NEUROPATHY
Injury of the proximal aspect of the sciatic nerve unrelated to entrapment at the piriformis may follow hip fracture with posterior displacement and/or hematoma formation. 194, 195 Sciatic injury may also follow surgical repair of hip fracture and hip replacement, particularly when a posterior approach is used. Hematoma, stretch and even gluerelated pathology have been implicated in surgical complications. 196 -201 Proximal sciatic neuropathy related and unrelated to piriformis compression cannot be distinguished by electrodiagnostic testing. Fractures and hematomas can be demonstrated by neuroimaging.
FEMORAL NEUROPATHY
Entrapment of the femoral nerve is unknown. Pelvic fractures and/or blunt pelvic trauma associated with retroperitoneal hemorrhage may produce femoral neuropathy by compression over the iliacus. 202, 203 Surgery of the pelvis and hip may be complicated by femoral nerve injury. 201,204 -209 The nerve is also vulnerable to compression or laceration at or near the inguinal ligament and in the anterior aspect of the thigh. 210 The nerve may also be stretched by extremes of hip extension or compressed by prolonged extremes of hip flexion. 211 At times the mechanism of injury is uncertain. 6
SAPHENOUS NEUROPATHY
Axons destined for the saphenous nerve may be injured along with the femoral nerve within the pelvis or at the inguinal ligament. The saphenous branch may be injured alone or along with other branches of the femoral nerve in the proximal thigh. As the saphenous branch proceeds distally towards the medial aspect of the knee it is vulnerable to penetrating injuries as well as blunt trauma and compression. 
LATERAL FEMORAL CUTANEOUS NEUROPATHY
By virtue of its long intrapelvic course, the lateral femoral cutaneous nerve is vulnerable in the setting of pelvic fracture and hematoma. The lateral femoral cutaneous nerve is most vulnerable to injury from compression, entrapment and stretch imposed by extremes of limb position as it exits the pelvis along the lateral aspect of the inguinal ligament. 212 Injury results in the syndrome of meralgia paresthetica, which consists of numbness and painful paresthesias in the lateral thigh cutaneous distribution served by the nerve. 213, 214 The diagnosis is usually clinical as this nerve is not easily approached electrodiagnostically because of its deep position.
REGION OF THE KNEE AND CALF
The sciatic nerve divides into the tibial and common peroneal branches just above the knee. The tibial nerve descends through the middle of the popliteal fossa and travels into the calf between the two heads of the gastrocnemius. It descends to the ankle, assuming a course along the medial aspect of the Achilles tendon. The tibial nerve gives rise to the medial sural cutaneous nerve between the two gastrocnemius heads. This branch becomes superficial in the midposterior calf where it is joined by the lateral sural cutaneous branch (from the common peroneal nerve) to form the sural nerve. 17 After separating from the tibial division of the sciatic nerve above the knee, the common peroneal nerve descends along the lateral aspect of the popliteal fossa. Importantly, it winds around the fibular neck and passes between the two heads of the peroneus longus muscle. Here it divides into the deep and superficial peroneal branches. The deep peroneal nerve descends along the interosseous membrane to the ankle. The superficial peroneal nerve descends between the peroneus longus and brevis and continues distally as the superficial peroneal sensory branch. The superficial peroneal nerve and its two branches provide sensation to the lateral aspect of the calf and the foot dorsum. 17
PERONEAL NEUROPATHY
The peroneal nerve is vulnerable to stretch and compression in the popliteal space by fracture and fracture dislocation of the distal femur. It, along with the tibial nerve, may be compressed by a synovial cyst or ganglion that arises from the femoral-tibial joint (Baker's cyst) while the peroneal nerve in isolation may be compressed by a ganglion arising from the tibial-fibular joint. Synovial cyst formation may be the result of occupational or avocational knee joint stress. 215 Blunt or other traumatic injury to the popliteal artery may result in pseudo-aneurysm formation with consequent compression of one or both of the nerves in the popliteal space.
Acute or subacute peroneal neuropathy is most commonly caused by compression at the fibular head and neck. 194,216 -219 The potential causes include injuries because of fracture, fracture dislocation, blunt force, ankle inversion, tightly applied bandages, improperly applied casts, and prolonged bed rest. Weight loss is an independent risk factor. Workers or sportsmen required to sit, squat or kneel for long periods may suffer acute nerve compression; this may be related to compression by the posterior border of the peroneus longus tendon at the fibular head or compression by the biceps femoris tendon in the popliteal space. 6, 24, 194, [217] [218] [219] [220] [221] [222] The peroneal nerve may also be injured as a result of entrapment in the fibular tunnel constituted by the fibula and the tendinous edge of the two heads of the peroneus longus. 223 The clinical consequences of peroneal neuropathy depend upon the site of injury. Injury to the common peroneal nerve from its origin in the distal thigh to the region of the fibular head and neck results in weakness of all muscles innervated by the superficial and deep branches as well as sensory loss in superficial and deep branch cutaneous territories. Lesions at the fibular head and neck below the nerve bifurcation may produce differential injury of either the deep or superficial branches.
SUPERFICIAL PERONEAL NEUROPATHY
The course of the superficial peroneal nerve along the lateral aspect of the calf places the nerve at risk for compressive, stretch and lacerating injuries. The distal sensory aspect of the superficial peroneal nerve is also vulnerable to compression from ski boots and roller blades. 224 
TIBIAL NEUROPATHY
The tibial nerve in the popliteal space is vulnerable to the same processes that affect the peroneal nerve in this location. In the posterior calf it may be injured with tibial fractures or with processes that produce pseudo-aneurysm formation of the posterior tibial artery. 194,218 -220,222 
CALF COMPARTMENT SYNDROMES
Fascial septae divide the calf into four relatively rigid compartments. The deep branch of the peroneal nerve is contained within the anterior compartment and the superficial branch is found in the peroneal compartment. The tibial nerve is found in the deep posterior compartment and the sural nerve lies in the superficial posterior compartment. Compartment syndromes may result from fracture of the tibia and/or fibula with associated injury of soft tissues and, possibly, the anterior and/or posterior tibial arteries. Excessive calf exercise may precipitate an anterior tibial compartment syndrome in individuals with significant hypertrophy of the anterior compartment muscles. Swelling of injured and ischemic muscle within the semi-rigid compartment causes intracompartmental pressure to rise, further limiting blood flow. The result is a vicious cycle of increasing swelling, increasing compart- 
THE REGION OF THE FOOT AND ANKLE
The deep branch of the peroneal nerve passes beneath the extensor retinaculum at the ankle where it divides into a lateral terminal motor branch and a medial sensory branch that supplies the first web space by dividing into two digital branches. The medial and intermediate cutaneous nerves are sensory branches of the superficial peroneal nerve that pass anterior to the extensor retinaculum at the ankle. Each ends in two digital branches that supply part of the dorsum of the foot.
The tibial nerve continues into the foot by passing under the flexor retinaculum at the ankle and through the "tarsal tunnel," which is bounded by the bones of the ankle and flexor retinaculum. Beneath the retinaculum, the tibial nerve divides into its terminal medial and lateral plantar branches, which have both sensory and motor components. 17
DISTAL TIBIAL NEUROPATHY (TARSAL TUNNEL SYNDROME)
The tibial nerve is vulnerable to acute injury within the tarsal tunnel from ankle region sprain, fracture, and dislocation. Disrupted tarsal tunnel anatomy resulting from such injuries may predispose to chronic tibial nerve compression within this closed space. The nerve may also be entrapped beneath the flexor retinaculum. 194, 225 Plantar sensory loss and intrinsic foot muscle weakness may follow acute tibial nerve injury at the ankle. Rather than prominent motor or sensory loss, pain is the cardinal symptom of the chronic compression termed tarsal tunnel syndrome. It is often difficult to distinguish this from many other more common causes of foot pain. As a result, the frequency with which tarsal tunnel syndrome is considered in the differential diagnosis of foot pain is much higher than its true incidence.
Diagnostic difficulty is compounded by the limitations of electrodiagnostic testing. Plantar sensory and mixed nerve responses are usually of low amplitude and are often absent in people above age 40. Distal motor latencies of the medial and lateral plantar nerves may be prolonged in normal older individuals, making the upper limits of normal uncertain. Needle EMG in older individuals may also show denervation of intrinsic foot muscles.
PLANTAR NEUROPATHY
The medial and lateral plantar nerves are vulnerable to injury by intrinsic foot processes such as metatarsal fracture, dislocation, joint deformity, ganglion formation, and entrapment. Mechanically induced pain and sensory loss are the most common symptoms. 226 
MORTONS NEUROMA
Traumatic injury of one or more digital nerves at the region of the metatarsal heads leads to the development of focal neuroma formation known as Morton's neuroma. The most common symptom is pain with weight bearing in the second to the fourth metatarsal region and numbness of the second through fourth digits. 227, 228 
PERONEAL NEUROPATHY AT THE ANKLE
The deep branch of the peroneal nerve and the medial and intermediate dorsal cutaneous nerves are vulnerable to injury at the anterior aspect of the ankle by fracture, dislocation and blunt trauma. Chronic compression because of external factors such as tightly applied footwear may produce similar results with the more superficially placed superficial peroneal branches at the most risk. Depending upon which nerve branches are compressed the clinical consequences may include denervation with atrophy of the extensor digitorum brevis muscle, pain, sensory loss on the dorsum of the foot and toes, sensory loss in the first web space and cutaneous hypersensitivity.
INTERMEDIATE AND MEDIAL DORSAL CUTANEOUS NEUROPATHY
The distal branches of the superficial peroneal nerves are vulnerable to injury on the foot dorsum. Etiologies include metatarsal fracture and dislocation as well as acute and chronic compressive trauma. Clinical consequences include sensory loss, pain, and cutaneous hypersensitivity.
SURAL NEUROPATHY
The sural nerve is vulnerable to injury with calcaneal and fifth metatarsal fracture and dislocation. It may also be lacerated in its position in the postero-lateral calf and lateral ankle. 229, 230 
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